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© Pyrimidine derivatives as HMG-CoA reductase inhibitors. 

© The compounds of the present invention inhibit the HMG-GoA reductase, and subsequently suppress the 
bibsynthesis:bf,cholesterbl. And: they are useful in the'tl-eatment oihypercnolesterolemik.ihyperlipoprot^nem 
.and atherosclerosis. 
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The present invention relates to 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibi- 

'^ The first generation of drugs for the treatment of atherosclerosis by inhibiting the activity of HMG-CoA 
reductase, are mevinolin (U.S.Pal. No.4,231 ,938). pravastatin sodium (U.S. Pal.No.4.346.227). and sim- 
vastatin <USPat.No.4.444,784) which are fungal metabolites or chemical derivatives thereof. Recently, 
synthetic inhibitors of HMG-CoA reductase such as fluvastatin (F.G.Kathawala et al, 8th Int'l Symp. on 
Atherosclerosis. Abstract Papers, p.445. Rome (1988)) and BMY 22089 (GB Pat.No.2.202.846) were 
developed as the second generation drugs. 

The compounds of the present invention inhibit the HMG-CoA reductase, which plays a major role in 
the synthesis of cholesterol, and thus they suppress the biosynthesis of cholesterol. Therefore, they are 
useful in the treatment of hypercholesterolemia, hyperlipoproteinemia and atheroscleros.s. 

The present invention relates to compounds of the formula (I): 




(I) 



wherein R' is lower alkyl. aryl. or aralkyl. each of which may have one or more substituents; R 2 and R each 
is independently hydrogen, lower alkyl. or aryl. and each of said lower alkyl and aryl may have one or more 
substituents: R' is hydrogen, lower alkyl, or a cation capable of forming a non-toxic pharmaceutical^ 
acceptable salt; X is sulfur, oxygen, or sulfonyl. or imino which may have a substituent; the dotted tine 
represents the presence or absence of a double bond, or the corresponding ring-closed lactone. This 
invention also provides a pharmaceutical composition comprising the same. 

In the specification, the term "lower alkyl" refers to a straight, branched, or cyclic C, to ft alkyl. 
including methyl, ethyl, n-propyl. isopropyl. cyclopropyl. n-butyl. isobutyl. sec-butyl. *^^ d *^£ 
pentyl. isopentyl, neopentyl. tert-pentyl. cyclo-pentyl, n-hexyl. and .sohexyl and the like. Further, the lowe 
alkyl may be substituted by 1 to 3 substituents independently selected from the group cons.st.ng of 
halogen, amino, and cyano. Hajogen means fluorine, chlorine, bromine and iodine 

The term "aryl" refers to a ft to C« aromatic group including phenyl, tolyl. xylyl. b.phenyl. naphtyl 
and the like The aryl may have 1 to 3 substituents independently selected from the group cons.st.ng of 
lower alkyl. halogen, amino, and cyano. Preferred aryl is phenyl substituted by 1 to 3 halogen atoms. 

The term "aralkyl" refers to C, to ft lower alkyl substituted by ft to C, 2 aromatic aryl group defined 
above Examples are benzyl, phenethyl, phenylpropyl and the like, each of which may have 1 to 3 
substituents independently selected from the group consisting of lower alkyl, halogen, amino, cyano. and 

th9 The term "a cation capable of forming a non-toxic pharmaceutical^ acceptable salt" refers to an alkali 
metal ion. an alkaline earth metal ion. or an ammonium ion. Examples of alkali metals are lithium, sodium, 
potassium, and cesium, and examples of alkaline earth metals are beryllium, magnesium, and calcium. 
Sodium and calcium are preferred. 

Examples of "acyl" are formyl. acetyl, propionyl. butyryl. isobutyryl. valeryl. and isovaleryl 
in the term "imino which may have a substituent". preferred substituents are acyl. optionally substituted 
amino, and substituted sulfonyl. „ rtb « u i an rt 

The term "substituted amino as substituent" means an amino group substituted by sulfonyl and 
alkylsulfonyl. Examples are sulfonyl amino and methanesulfonyl amino. 

The term "substituted sulfonyl as substituent" means a sulfonyl group substituted by alkyl. amino, or 
alkylamino Examples are methanesulfonyl. sulfamoyl, metbylsulfamoyl. and N-dimethylsulfamoyl. 
The compounds ol the present invention can be prepared by the following method. 
(1) The carboxylate group of the compound a is converted into the alcohol group by reduc Ion in an 
appropriate inactive solvent such as THF. ether, and toluene in the presence o. a reductant such as 
LiAIH* and DIBAL-H. The reaction is performed at -70 to 50 • C. preferably at around ^ tonpwatarc. 
for 10 minutes to 10 hours, preferably for 30 minutes to 3 hours. Then the obtained alcoh« « subjected 
to oxidation in an appropriate solvent such as methylene chloride in the presence of the ox.diz.ng agent 



Best Available Copy 



EP0 521 471 A1 



such as TPAP/4-methyl-morpholin-N-oxide or pyridium chlorochromate to give the aldehyde compound 
b the reaction is performed at 0 60 * C f preferably at around room temperature,, for 1 0 minutes to 10 
hpyrs., preferabiy'3P minutes to 3 hours. 
Compounds i a ^and .b;have;the fq 




wherein R 1 ., R?, and R 3 each has the same meaning as defined above, ahd-Alkyl means lower alky I. 

(2) The, obtained compound b is subjected to 'reaction with (3R)-6r (3S)^3-(tert-butyld 

6x6-6-tri jDhehylphdsphofahy lid^ne hexarioic acid derivatives in an appropriate solvent such as acetoni- 

trile, diethylether, tetrahydrofuran, and dimethylformamide to give the compound c. the reaction is 

^rformed 1 for 1-30 hours» preferably for 1 0-15 hpurs ; under hating; 

Gorripbund c has the bilqwing structure: ; 




OSiCOTj^trBu 



wherein- G" represents an asymmetric carbon atom, the denotes the presence or absence of 

the double bond, Rj, R 2 i R 3 , and R 4 each have the same; meaning as: defined above. 
(3) The compound c is subjected to elimination of the teHTbutyJdimethylsilyl group in -an appropriate 
organic solvent" in the fftelsehceior^^ the. compound d: 

Every sort of hialogeh can be used fbf hydrogen halq$ehide. Amongst all, hydrogen fluoride is 
preferred. 

The same organic solvents as used in the step (2) rnayi be employed: Acetonitrile is especially 
preferred; 

The reaction is performed in arange of from 0 to 60 * C, preferably at room- temperature, for 0,5^10 
hours, preferably for i-2 hours, 
Compound d has the following structure: 




d 



wherein C m , the dotted line, RV, R?i R 3 ; and R 4 each have the saime- meaning as defined above. 
(4) The compound 0 is reacted with diiethylmethbxyborane and NaBHU In an, alcohol-organic solvent' 
mixture arid subjected to column chromatography ;6h sillca^gel to give the compound (I) (in the case* 
where R* is lower alkyl). The reaction is performed at^a tem^rature; between ^100 to 20 * Gi preferably 
between -85 to; -70 * G under cooling, for. 10 mlhutes'to 5 hours, preferably for 30 minutes to 2 hours. 

Here, the alcohol includes methanol, ethan6l,;pr6pahol f rarid butanol; and the organic solvent includes; 
the same as in: thie step (3). 

Further, if necessary, the obtained compound may be subjected to: sjaporiifiwUbh jyith a solution -or " 
l^etaltohy^ after the saponification, the reaction mixture is neutralized with an 

Cacid-fahd I ^extracted with-ah organic .solvent (R 4 *: hydrogen). The ' saponification is performed in\a polar : 
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So optally acL compounds of the invention have the tollov.no structure (I). 




OH 

.£* /COOR 4 

H 



(I) 



75 



20 



25 



.herein <r. the dotted line. R\ W. ff. and R* ^^^^S^tSnfl to give the 
Further, if necessary, the obtained impounds I) are sub^cted to retlux u g 

d0S ?he pres- 1™-*- is I**— hr •» «<-*« — - '* re " ra 8<amP,e8 - *'** ™ ' 0 
"° ™1SvSuL in wwta and r*™n» •»■•*•*« 



doses 

30 



Me ; methyl, Et : ethyl, i-Pr : isopropyl 
t-Bu : tert-butyl, Ph : phenyl, 
DMF : dimethylformamide, THF : tetrahydrofuran 
35 DDQ : 2,3<Jichioro-5.6-dicyano-1 ,4-benzoquinone 
TPAP : tetrapropylamrnonium perruthenate 
HMPA : hexamethylphosphoramide 
DiBAL-H :diisobutylaluminum hydride 

40 Reference Example 1 

^^0^2-methyl-sultonylpvrimidine-b^arboxylatetiMj) 



45 



SO 



Best Available Copy 



EP 0 521 471 Ai 



/5 



40 



, , v F V% COOEt , % .. f° Et 



O .1 



HiyN 2 



TO 



fOOEt -COOEt 
N^N * NL^N 



p-Flu6robehzaldehyde(81 ;8l )g is reacted in tHo same manner as disclosed in the^spedficatipn of JP 
Unexameti; Pat. Publn. No 61-4p272 to give 151X)>g (Yield : ^7 %) : onthe cpmpou Then the mixture 

so of a solution of 44.68 g of!the< compound 1 in 65 mi of HMPA and 2JB.24 g of s-methylisourea hydrogen 
sulfate is stirred at 100 ? C for 22 hours: f hgn the reaction' mixture is extracted withether, and washed with 
saturated sodium hydrogencarbpnate and then with water. The organic layer is. dripd- and the, solvent is 
distilled away. The obtained residue is subjected to column chromatography to give;26:61 g 

(yield 46:8%) of the compound 2,. 

25 To a ^plutipn^of ^ th e \ pi^tai hSd com pound -2^ in ^400 ml' of benzene 21 .64 g (0.095 mol) of DDQ is added 
and the mixture is stirred for 30 minutes. Then the Imixture is subjected to column chromatography oh silica 
gel to give 24.31 g (Yield : 91 .9 %) of the compound (111^1)., 
NMR (CDCI3) 5 : 

1.10 (t.,J = 7;3H); 1.31 (d, J = 7,6H2);,261 (s; 3H);;3;18 (hept v J = 7;iH); 4.18 <q; J=7,2H);:7.12 (rn, 2H); 7^65 
30 (m.2H) 

To a solution ibM3.28 g (0.04 mmol) of /the compound (III-1) in chloroform 17.98 g of m-chl6rpperben- 
zoic acid is added and the reaction mixture is r stirred at room temperature. Then it is washed with sodium 
sulfate and then with saturate^sbdium h^ 

away and- washed with n-heixane to give 13.93 g (Yield :;95.7%) of the cbmr^uhd (Illr2^ 
35 NMR (CDCb) a :'. 

1.16 (ti J==7,3H); 1.37 (d; J=7,6H);'3;26 (hept; J=^1H);vS;42 (s, 3H)-*28^q ( 2H); 7:18 (m, 2 H)- 7=76 <m, 
2H) 



Reference Example 2 

Another synthetic method of the compound (11I-1) 



To a/solution of 200 mg (6,594 mmplj of the;{cbmppund 2 in 5 ml of dichlorbmethane 0.5 g (6.10 
equivalent) of potassium carbonic anhydride is- added and; 166 mg (1 .1 equivalent) of iodine; and the 
45 mixture is stirred .at room temperature for 2.5; hours. After the; reaction, saturated sodium hydrdgensuifite is 
added to the mixture which is then extracted with ether. The organic layer is washed with water arid dried. 
The solvent is distilled off under reduced pressure to give 1 66 rrig (Yield : 83.6%) df 'the compound (111-1 j as 
resinous substance. 
NMR (CbCIs)? 

;5a 1,10 (t, 3H J = 7); 131 (d. WU~7)U2W (s, 3H);.3;17 (heptet, 1H, J=7); 4.18 (q - 2H, J = 7); 7.07-7: 17 (m, 
2H); 7.61-7,69 (m,,2H) 

Reference Example 3 

55' Another synthetic method of the compound (III-2) 

To a : solution of 1.0 g (2.97 mmbl) or the;Corn pound 2: in 10 ml of acetone 1 .5'g (9-48 m%lj of potassium 
it 1 ** * "\ permaganate|is;added^ stirred at room temperature for 15 minutes; Acetic acid (1^0 ml )is 



5 



3est Available Copy 



EP 0 521 471 A1 



added thereto, and the mixture is stirred at room temperature for further 30 minutes and water is added 
thereto The reaction mixture is extracted with ether, washed with saturated sodium hydrogen carbonate and 
saturated brine and dried over anhydrous magnesium sulfate. The solvent is distilled away under redueced 
pressure to give 1.07 g (2.94 mmol) (Yield : 99.1 %) of the compound (III-2) as crystals. 

Ref erence Example 4 

Ethyl vi-/4.fl,mroohenvh-6-isopropvl -2-(N-methyl-N-m9thylsulfonylamino)pyri midine-5-carboxylate (III-3) and 
Ethyl 4-(4-fluorophenyl)-6-isoprop yl-2-(N-me1hyl-N-dimethylsulfamoylamino)pyrimidin e -5-carboxylate(lll-4) 



JO 



IS 



20 



25 



(1-2) 



COOEt 

F<p)-Ph.^AyiPr 

NHMe ± 



COOEt 
-> F(p)-Ph^YiPr 



^S0 2 Me < m " 3) 



COOEt 

^S0 2 NMe 2 (1-4) 



30 



35 



40 



45 



50 



55 



To a solution of 52.7 g (144 mmol) of the compound (111-2) in 500 ml of absolute ethanol solution of 71.9 
ml of 5N methylamine in ethanol is added gradually under ice-cooling. The reaction mixture is , warmed to 
room temperature, stirred for 1 hour and evaporated under reduced pressure. To the res.due wate jr .s added 
and the mixture is extracted with ether, dried and evaporated under reduced pressure to g.ve 46.9 g (Y.eld . 
100%) of the compound 3. mp. 85-86* C 



Anal Calcd. (%) for Ci 7 H 2 oN 3 F02 


Found: 


0,64.34; 
C.64.42; 


H.6.35; 
H,6.46; 


N.13.24; 
N,13.30; 


F.5.99 
F.6.14 



To a solution of 370 mg (1513 mmol) of the compound 3 in 5 ml of DMF 60 mg of 60% NaHis added 
under ice-cooling and the reaction mixture is stirred for 30 minutes. Methanesulfonyl chlonde 208 mg is 
added thereto, and the mixture is warmed to room temperature and stirred tor 2 further hours To the 
mixture ice-water is added and the mixture is extracted with ether. The organic layer is washed with water 
and dried The solvent Is evaporated under reduced pressure, and the resulting res.due is washed w.th 
ether-n-pentane to give 322 mg (Yield: 57.6%) of the compound (UI-3). 

1-32 (d. J = 7,6H): 3.24 (hept.J = 7,1 H); 3.52 (s.3H); 3.60 (s. 3N); 4.19 (q. J = 7.2H); 7.14 (m, 

2H): To 6 a solution of 4.13 g (13.0 mmol) of the compound 3 in 40 ml of DMF 0.57 g of 60% NaH is added 
under ice-cooling, and the mixture is warmed to room temperature and stirred for 1 hour. After coolmg 
again, dimethylsullamoyl chloride 2.43 g (16.9 mmol) is dropwise added thereto and the mixture * stirred 
fa 2 5 hours. To the mixture ice-water is added and the mixture is extracted w,th ether washed wrth water 
dried and evaporated under reduced pressure to distill off the ether. The resulting rescue ,s washed w.th 
ether-hexane to give 4.1 0 g (Yeild: 74.2%) of the compound (III-4). mp. 1 1 4-1 1 6 • C 
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Anal Ga!cd. (%) for C19 H25 N4 SFO4 


Found,: 


G,53 76 

Gi53>4; : 


H.5,94; 
(H,5:96; 


N,13.19; 


;f,4.48 
F;4;78 



Reference Example 5 . 

Ethyl 4^(4-fluorophenyl)-6-iso and. Ethyl 4^(4»fluorophenyi):0- 



10 



isoprqpyl-2-(N-methyl- 

N-metM (ljl-6). 



J5 



20 



(HI -2) 



COOEt 



Otte 



(1-50 



25 



30: 



COOEt 



N: 



35 To a solution of 1 .39 g (3.8 mmol) of the; compound (HI-2) in 60 nil of absolute methanol a solution of 
0141 g(7.6 mmol) of sodium methoxide is added under > ice-codling. The reaction mixture is gradually, 
warmed to room: temperature and stirred for 1 hour- The mixture is neutralized with acetic acid arid 
extracted with other. The organic "layer is; washed with Sodium bicarbbhate arid then with water, dried -arid 
evaporated, under reduced jpressure to distill off the ©theW The/residue is subjected to column throriiatog- 
raphy on silica gel to give 1.17 g (Yield : 96;7%), of thb compound (lll-5£ 

9 NMR (CDGI 3 )a 

1.10 (t, 3H; j = 7Hz); i-32 (d, 6H, J = 6.6Hz); 3:21 (rri, 1H); 4.08 (s, 3H);. 4.18 (q, 2H; J = 7Hz); ,7;07-7.74 (m, 

m ; f 

To. a solution of 2.50 g (6.77 mrriol) of* trie compound (fil?2) in 50 ml of absolute ethanol 0.80 g (16.93; 

^ mmol), of 'methyl hydrazine is added under ice^cpoling., The reaction mixture is warmed to : room temperature; 
and stirred for 2 hours and extracted with ether. The organic layer is washed with saturated brine; and dried 
to distill off the solvent. To a mixture of 2 37 g^orthe^hus. obtained compound and a mixture;pf anhydrews 
THF and anhydrous pyridine 1.03 g (7S4 mmol) of methanesulfony I chloride' is added under ice^cooling. 
The reaction mixture is warmed to room temperature and siirred for 1.5; hours. To' the mixture 3-ml of 

60 anhydrous pyridine; and g. (11.65 mmol) of methanesuifonyl! ^ criibride are added and the mixture; is; 
stirred for 2 hours. To the reaction: mixture ice-water is added and is: then extracted with ether. The organic 
layer is washed with waterand the. resulting oily residue is subjected to: column chromatography ;on silica 
gel tp: give 2^75 g (Yield : 94.0 %), of the comppundf(lll-6). 
NMR (CDCI3)? : 

, 1.08 jt, J =7;3H); 1 29 (d, J-7£H); 236 (s, ,3H); ^3.24 (heptrJ = 7;1H);t3.59 (S..3H); 416 (q, J = 7,2H); 7;14 
(rri, 2H); 7.63 <m.2H) 

Reference Example 6 , - f ^ ■ • n im t 
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Methy l QR)-3-(tert-butyldime{hylsilyloxy)-5-oxo-6-triphenylphosphoranylidene hexanate 

(1) <3R)-3-(tert-butyldimethylsilyloxy)glutaric acid- M<R)-(-)-mandellc acid ester-'(65 g ,164 mmol) is 
dissolved in 60 ml of methanol. A solution of sodium melhoxide in methanol (28% methanol 310 ml, 1.6 
mol) is added dropwise thereto under a nitrogen atmosphere al O'C for 45 minutes at an internal 
temperature under 7'C. The reaction mixture is stirred at O'C for 30 minutes and poured into a m.xture 
ol 150 ml of cone H CI, 300 ml of water, and 500 ml of methylene chloride being stirred under ice-cooling 

The organic layer is collected. The aqueous layer is extracted with 200 ml of methylene chloride, and 
each organic layer is washed with dil.HCI and then with brine. Each organic layer is collected and dned 
over anhydrous magnesium sulfate and evaporated to distill off the solvent to give the half ester 
compound. 

'HNMR(CDCb)S : . 

0.08 (s, 3H>; 0.09 (s, 3H); 0.86 (s. 9H); 2.52-2.73 (m, 4H); 3.08 (s, 3H ); 4.55 (quint. 1H, J = 6Hz) 

IR (CHCb) : 2886, 1734. 1712, 1438, 1305. 1096, 836 cm -1 

[o.]D = -5.0±0.4' (C=1.04, 23.5 'G, CHCb) 

Rf 0.32 (CHCb/MeOH = 9/1) .... , lU .k i 

(2) To a solution of the thus obtained half ester compound in 10 ml of ether tnethylamine and then ethyl 
chlorocarboxylate are added dropwise under nitrogen atmosphere at -78 'C. The resulting white suspen- 
sion is stirred at 0 «C for 1 hour and cooled to -78 *C. The resulting precipitate is filtered off under 
nitrogen atmosphere and the filtrate is washed with 15 ml of ether. To a suspension of 1.29 g (3.6 mmol) 
of methyl bromide triphenylphosphonium in 5 ml of THF butyllithium (1.6M hexane. 2.25 ml. 36 i mmol) is 
added dropwise under a nitrogen atmosphere at -78' C. The reaction mixture is stirred at 0*C for 1 hour 
and cooled to -78 "C and added dropwise to the solution of the thus obtained active ester compound in 
ether The reaction mixture is washed with 5 ml of THF and stirred at 0 'C for 1 hour, and 10 ml of 5 % 
sodium hydrogencarbonate is added thereto. The reaction mixture is stirred for 5 minutes and extracted 
with ethyl acetate and the organic layer is separated and the remaining aqueous layer is extracted with 
ethyl acetate Each organic layer is collected and washed with brine, dried over anhydrous magnesium 
sulfate and concentrated. The obtained residue is subjected to column chromatography on silica gel 
eluting with ether-ethyl acetate and crystallized from ether-hexane to give the objective compound. 

004^ 3H° C 0 3 06 (s, 3H); 0.83 (s, 9H); 2.4-2.9 (m, 4H); 3.64 (s, 3H); 3.74 (d. 1H); 4.5-4.7 (m. 1H); 7.4-7.8 
<m, 15H) 

IR (CHCb) : 2880. 1730. 1528, 1437, 1250, 1106. 835 cm"' 

[a]D=6.2- (C = M7, 22.0 'C, CHCb) 

mp. :77.5-78.5*C, Rf=0.48 (CNCb/MeOH = 9/1) 



Anal Calcd. {%) for C31H39O4PS 


Found : 


C, 69.63; 
C, 69.35; 


H,7.35; 
H,7.35; 


P.5.79 
P.6.09 



Example 1 

Sodium (+).7-[4-(4-fluorophenyl)-6-isopropyl-2(N-methyl-N-methylsulfonylaminopyrimidin )-5-yl]-(3R,SS)- 
dihydroxy-(E)-6-heptenate (la-1) 

(1) To a solution of 322 mg of the compound (III-3) obtained in Reference Example 2 in 7 ml of 
anhydrous toluene 1.4 ml of DIBAL-H in 1.5M toluene is added dropwise at -74 'C. The reaction mixture 
is stirred for 1 hour and acetic add is added thereto. The mixture is extracted with ether . The organic 
layer is washed with sodium bicarbonate and water, dried and then evaporated under reduced pressure 
to distill off ether. The obtained residue is subjected to column chrotography on silica gel.elut.ng w.m 
methylene chloride/ether (20/1) to give 277 mg (Yield : 96.1%) of [4-(4-fluorophenyl)-6-isopropyl-2-(N- 
methyl-N-methylsulfonyl-amino)pyrimidin-5-yl]methanol 4. 

- This compound can be prepared by the method described on page 10 in the speci- 
fication 0. KOKA. 2 250852 ^Q\\Qv\G 
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20 




CH3Q2S 



(2) A suspension pf 277 mg of the thus obtained ; com poun 4 f! 190 mg- of ^methylmorphblir^Nroxide, 6 
10 mg of TPAP, 1 ,0 g of powder molecular sieve 4A, and 10; ml of methylene chloride is -stirred for 2 Hours; 
The: insoluble matter is filtered off two-thirds ofthe filtrate is distilled awSy uri 
The; resulting resiude is subjected to column chromatography -on 'silica jgei elutihg with methylene 
chloride to give 196 mg (Yield : 7112%) of 4-{4rfhjbr6phe^ 
f6nylamino) : 5rpynmidinecarba crystals. 



Ph-F(l>) 
GHO 



G83O25 




25 (3) A splutipn of 190 mg pf the compound 5, 450 mg of methyl (3^3^tertTbutyldimethylsily 

6-triphenylphosphpranylidene hexanate (Reference Example 6), and 5 ml of acetohitrile is refluxed under 
beating; for 14 hours and evaporated under reduced pressure? to distill off acetonitrile. The resulting 
residue \s subjected to Column (chromatography ^ 
mg (Yield : 71^%) of methyl 7-(4-(4-fluordphe 

30 Pyrimid^ 

Ph-F|p) 0 . p<CH3)2t-Bu 

40 

(4) To a solution of 16 g of the compound 6 in 1 00 ml of acetohitrile a splutipn of 48% hydrogen fluoride 
in 40Q ml of acetonitrile (1:1 9) is added dropvyisd under ice-cppling, and the rriixture is warmed'tb^robm 
temperature and stirred for i;5 hours, the reaction mixture; is neutralized; vyith sodium bicarbonate arid 
extracted with ether the organic layer is washed with sodium chloride, dried and evaporated under 
45. reduced pressure to distill off ;ether ; to give 13 g (Yield :; 100%); of methyl; 7T[4-4-flubr6phenyl)^6r 
isoprppyl-2-(N-methy^ 7 , a s 

a syrup. - 



50 



55 CH 3 p 2 S /W 




(5) To: a solution of 13 g of the: compound 7 in 350 mi of anhydrous THF and 90 ml of metfianol a, 
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solution of 29.7 ml of 1M diethylmethoxyborane-THF is added at -78* C, and the mixture is stirred at the 
same temperature for 30 minutes. To the mixture 1.3 g of NaBH* is added and the mixture is stirred for 
3 hours. Acetic acid (16 ml) is added thereto, and the mixture is adjusted to pH 8 with saturated sodium 
bicarbonate and extracted with ether. The organic layer is washed with water, dried and the ether is 
evaporated under reduced pressure. To the resulting residue methanol is added and the mixture is 
evaporated under reduced pressure for three times. The resulting residue is subjected to column 
chromatography on silica gel.eluting with methylene chloride/ether (3/1) to give 11.4 g (Yield : 85.2%) of 
methyl 7-[4-(4-fluorophenyl)^-iso-propyl-2-(N-meth^ 
dihydroxy-(E)-6-heptenate as a syrup. 




lOOMe 

CH 3 0 2 S/ N ^ rMPr (Ib-1) 



NMR (CDC1a> : 

1.27 (d, J = 7,6H); 1.53 (m. 2H); 2.47 (d, J = 6,2H); 3.36 (hept, J = 2H); 3.52 (s, 3H); 3.57 (s, 3H); 3.73 <&, 
3H); 4.20 <m, 1H); 4.43 (m. 1H); 5.45 (dd. J "5,16, 1H); 6.64 (dd, J = 2,1 6, IHj; 7.09 (m. 2H); 7.64 (m. 
2H) 

(6) To a solution of 11.4 g of the compound (l b * t ) in 160 ml of ethanol 223 ml of 0.1 N sodium hydroxide 
is added under ice-cooling. The reaction mixture is warmed to room temperature and stirred for 1 hour. 
The solvent is distilled off under reduced pressure, and ether is added to the resulting residue and the 
mixture is stirred to give 1 1 .0 g (Yield : 95.0%) of the objective compound (I 3 * 1 ) as powdery crystals. 




[a]o= +18.9*0.6* (C = 1.012, 25.0* C, H 2 0) 
NMR (CDCb)* : 

1.24 (d, J = 7,6H); 1.43 (m, 1H); 1.65 (m, 1H); 2.27 (dd,J = 2,6.2H); 3.41 ( hept, J = 7,1H); 3.43 (s, 3H); 
3.59 (s, 3H); 3.73 (m, 1H); 4.32 (m, 1H); 5.49 (dd, J=7,16, 1H); 6.62 (d, J = 16,1H); 7.19 (m, 2H); 7.56 (m, 
2H) 



Example 2 

Sodium ( + )-7-[4-(4-fluoropheny^ 
(E)-6-heptenate (I *'*) 

(1) Ethyl 4-(4-fluorophenyl)-6-isopropyl-2-methylaminopyrimidine-5-carboxylate 3 (838 mg) obtained in 
Reference Example 4 is allowed to react in the same manner as in Example 1 (1) and (2) to give 157 mg 
of 4-{4-fluorophenyl)-6-isopropyl-2-methylaminopyrimldine*5-carbaldehyde. 

(2) A solution of 157 mg of the thus obtained aldehyde compound In 4ml of anhydrous DMF is reacted 
with 25 mg of 60 % NaH under Ice-cooling for 30 minutes, 0.05 ml of acetylchloride is added thereto and 
the mixture is stirred for 1 hour. Ice is added to the mixture and extracted with ether. The organic layer is 
washed with water and dried and concentrated to distill off the solvent to give 167 mg (Yield : 93.4%) of 
4-(4-fluorophenyl)-6-isopropyl-2-(N-acetyl-N-methylaminoVpyrimidine-5-carbardehyde. Th'ejhus obtained 
aldehyde compound is reacted in the same manner as in Example 1 (3)-(5) to give iftethyl 7-[4-(4- 
fluorophenyl)-6Msopropyl-2-(N-acetyl-N-m^ <• 
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NMR (CpCf 3 )a : 

1.27 (d, J = 7;6H); 1.54 (m, 2H); 2#8 (d, J =6,2H)- 2 52 <s, V 3H); 3:39>( hept, J = 7, IH); 3.60(s, 3H); 3.58 
(brs,,1H); 3:74 <s. 3H); 4.21 (rti. IK); 4.48 'fj 1H); 5.50 <dd. J = 5,16, 1 H); 6.66 (dd* J = 2,1 6); 7,1 1 <rn, 
2H); 7.61 (m,:2H) 

(3): The tHus^oblaihed /coifi pound (I 6 * 2 ) is; reacted in the: same; mariner as Example I (6)i:t6^ive the 
objective compound (I 



10 



15 



OH OH 
Pb-Fte). | | 




:00Na 



(Ia-2) 



NMR (CDCl3)i : : 

j:27 (d J = 7.6H); 1 .57 <m, 2H); 2.1 7 ,(s. , 3H);, 2^27 (d f : J = 6;2H)W&72 (s, 3H); 3,50 (Kept; J = 7, 1H); 3.70 
(m, 1Hj; 4 r 35 (q, J = 6,1H); 5.59 (dd, J = 5,16, 6 54;<d r J = 16, ; i : H);i7:2^ (m. 2H);^7:59 (m, 2H) 



Example ;3r6 



As starting material each pyrimidirie earboxylate (111) obtained in Reference Example 1-3/is reacted in 
the same manner as Example 1 or 2 to give the ccmpbuhds(l b ) and (I*). Their physical constants are shown 
25 ih Table 1-3. 



30 



Ph-F(p) 




- P H OH 
Ph-F(p) J | 




fib) 



35 



40 



OH 0H 
Ph-F(p) | j 



Me-X 




( l a) 



45, 



50 



55 



initevA 
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Table 1 



Ex. No. 


Starting 
material 


Product NMR 5 


3 


(111-1) 


|^ 3 (X:S) Yield 96.0% (CDQ 3 ) 

1.26 (d. J = 7,6H); 1.52 (m. 2H); 2.47 <d,J = 6, 2 H); 2.60 <s, 3H); 3.33 hept J-7JIJ, 
3.73 ( s, 3H); 4.18 (m, 1H); 4.44 (m, 1H>; 5.44 (dd, J-M8.1H); 6.60 (dd.J-2.lB. 1H). 
7.07 (m. 2H ); 7.58 (m. 2H) 
I 0-3/x- Yield 87.3% (D 2 0) 

1.20 (d. J = 7. 6H); 1.47 (m, 1H); 1.81 (m. 1H); 2.26 (m. 2H); 2.54 is 3H): 3 36 =JJapC 
J = 7.1H>;3.71 (m. 1H);4.29(m. 1 H); 5.43 (dd. J = 6.1 6, 1 H); 6.55 (d, J = 16.1 H). 7.16 
(m, 2H): 7.47 (m, 2H) 


4 


(HI-2) 


1 M (X-.SOj) : Yield 93.7% (CDCfe) 

1.31 <d, J = 7, 6H); 1.52 (m. 2H); 2.48 (d, J = 6. 2H); 3^40 3H); jJ.47 (hepU = 7 1HV. 
3.74 (s. 3H); 3.87 (brs, 1H); 4.23 (m. 1H); 4.49 ( m. 1H): 5.59 (d.d, J = 5,16H, 1H), 6.74 
(d,d,J = 2.16, 1H); 7.12 (m. 2H); 7.69 (m. 2H) 
I ■** CX-.SOz) : Yield 70.9% (D 2 0) 

1 27 (d d J=7,2,6H); 1.60 (m. 2H); 2.25 <J = 6. d. 2H); 3.44 (s, 3H); 351 (hept, J = 7. 

1H); 4.33 (q. J = 6.1H); 5.65 <d.d.J = 5, 16, 1H); 6.71 (d, J = 16.1 H); 7,23 
(m. 2H); 7.60 7.60 (m, 2H) 



Table 2 



Ex. 
No. 


Starting 
Material 


Product NMR 6 


5 


(II1-5) 


1 27Td 0 6H C J D S6H 2 ); 1.35-1.68 (m. 2H); 2.47 (m. 2H); 3.34 (m. 1H); 3.78 (s. 3H);4.03 
(S ~m< 1-19 (m, 1H); 4.43 (m, 1H); 5.43 (dd. 1H. J = 5.6.16Hz); 6.59 (dd. 1H. J-1 A 
16Hz;); 7.03-7.64 (m, 4H) 
I •* (X: O): Yield 57.7% (CDCfe, CDs OD) 

1 27 (d. 6H. J = 6.6Hz); 1.35-1.68 (m. 2H); 2.17 -2.43 (m. 2H); 3.36 (m. 2H); 4^05 (s, 3H . 
43 7 (m 2H); 5.48 (dd. 1H,J = 5.6.16Hz); 6.54 (dd. 1H. J = 1. 4.16Hz); 7.06-7.65 (m. 4H) 


6 


(111-4) 


* 2H): 2.47 (d. 2H, ,=5.8); 2,4 (, 6H, ,35 1* 
M4 (s. 8* 3.74 ( S . 3H); 4.20 (m. 1H»; 4.44 (m. 1H); 5.42 (dd. 1H. J = 5.4, 16Hz); 6.60 
(dd.lH. J = 1.2,16Hz); 7.03-7.64 (m. 4H) 
|»- 6 :Yield:91.2%(CDCb.CD30D) 

1.26 (d. 6H. J=6.6Hz) ; 1.36-1.69 (m. 2H);2.15-2.50 (m. 2H); 2.85 (s.6H); 1.41 (m. 2H). 

3.6 4 (S, 3H); 4.04 (m. 1H); 4.37 (m. 1H); 5.48 ( dd. 1H. J-5.6.16Hz); 6.54 (dd. 1H. 

J-1 ,16Hz); 7.05-7.66 (no, 4H) _J 
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Table 3 



Ex:, No. 


Starting Materia! 


Product NMR 5 


7 


(jilt©) 


l> 7 (X:^NH^ Me); ; : Yie)d:8^8% '((^Ci^ 

1 >24<d, J = 7,6hi); 1 $1 <rn. 2«)l 2.47 (di J = 6i;2H^;,2 ^{s,,3H)^3:35 (hept, 
■J = 7,1 H); 3;46;( d,:J « 2,1 H);53^5 fe,^);3:6£;(d J = 2.1 H);^3.7 4>(Si 3H); 
4.18 (m, 1H); 4.44 <m, 1H>; £41 (d d; J = 5,16, 1H); .6i5a{dd, J = 2J6< 1H); 
7.09(m , 2H);#;58 <m ■ 2H); 7,7p ;(s, :1H) 
J;** (X:N-NHSOiMe) ::Yie1d:74^7%(KO)- 

1.23;(d; J = 7;6H); 1 !51 (m, 2H);^2^26 (d t J -6,2 H); 3.10 (s. 3H); 3.37 (Kept, 
J = 7,1 H); 3.44 ( s; 3H); 3:70 (m. 1 H); 4.29;<q, J = 6, 1H); 5.39 (dd; J = 5,1 6, 
1 H); 6.58 (d ; J > 1 6 i: '1 H)R.19 (m. 2H); Z52 (m, 2H) 



is. 

Example 7 

Cajcium salt of the compound (I ) 

The^ompound (j 0 l ): (sodium salt) 1.50 g (3:00 mmol) is dissolved in 1 5 ml of water and stirred at room 
temperature under a nitrbgen atmosphere; Successively ; 3;00, ml {3.00 mmol) ^ 

3I00 ml (3:00 mmdl^ The reaction mixture fe^tiired at the s^me 

temperature; for 2 j hours; and the resulting predpitate is. colle^ washed with water arid dried to give u 1.32 
25 g of calcium salt as powder . This compound started to melt at a temperature f. oif! 'ifSs^'lB^lbigi itK^^j^n^fer 
meltirig point is ambiguous. [a]D= +6:3±0:2> (G - 2.011 , 25.0 * C; MeOH); 



30 



Anal.Galcd. (%) for C22 H27 N304-SF* 0.5Ca # 0;5H 2 Q 


Fbyrid;: 


0,51.85; 
C,51£5; 


H.5.53; 
H,5it; 


N;8:25; 
N,8 ? 4^ 


F#73; 
F.3.74; 


Ca,3;93 
Ca,4,07 



Biological Activity 
Experiment 

The HMG-C6A reductase inhibitory efjfect 
<id. (1); Preparation of rat liver microsomes 

Sprague-Dawley rats, which were in free access to ordinary djetes containing 2% cholestyramine and 
water for 2 weeks,, were used for the preparation Jof rat liver ' microsomes the thus obtained microsomes 
were then purified according to- >the;'manner v d^^te t d by Kurpda et al., Bipcheml Biophys. Act, .486.-70:, 
45; (1977). The rnicrosomalifrac by-cenWugatipn ar i x $ was washed dncel with aiibuffered 

, ^.y^n--9P n %!pJ r !9 IS^mjtt nicqtinam dhl6rid©.(in a 100 mM potassium phosphate 

IWffe: 7-4)- It was homogenized with a buffer -containing nicotinamide and magnesium; chloride at the 
sam e weight as; .the liver employed: The thus obtained homogenateVwas . cooled down and kept at -80 *:C, 

so (2) Measurement of the HMG-CoA reductase ..inhibitory activities 

The rat liver microsome sample,, (100 u t ). which was preseiV^ at: -80 *«C; wais fused at 0 ; G and 
diluted with 0.7 ml of a cold potassium; ;phbsphate:buffer^ 

mM EDTA (buffered with the .afore mentioned potassium phosphate buffer) and ! 0* ml h-df-' ,100 ,rnM 
.ss dithiothreitol solution (buffered with the aforementioned potassium /phosphate buffer); and the mixture was 
kept ,at ; 0" C. The ; microsome solution (1.675, ml) was mixed with 670 u-t of 25 mM NADBH (buffered with 
the aforementioned .po arid Ihe solution was added jo the * soiuttSri • of 0;5mM [3- 

14 e]HMQ-CpA (3mCi/mmol): A solution (5' u Jt ) of .Sodium salt :6f the test compound dissolved in pote&ium 
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phosphate buffer was added to 45 u l of the mixture. The resulting mixture was incubated at 37 'C for 30 
minutes and cooled. After termination of the reaction by addition of 10 u t ol 2N-HCI, the mixture was 
incubated again at 37 "C for 15 minutes and then 30 u t of this mixture was applied to th.n-layer 
chromatography on silica gel of 0.5 mm in thickness (Merck AG, Art 5744). The chromalograms were 
developed in toluene/acetone (1/1) and the spot, whose Rf value was between 0.45 to 0.60. were scraped. 
The obtained products were put into a vial containing 10 ml of scintillator to measure specific radio-activity 
with a scintillation counter. The activities of the present compounds are shown in Table 4 as comparatrve 
data, based on the assumption that the activity of mevinolin (sodium salt) as the reference drug is 100. 



to 



Table 4 



75 



20 



Test Compound 


HMG-CoA reductase 
inhibitory activities 


I a-l 


442 


| a-3 


385 


| a-5 


279 


,0-7 


260 


Mevinolin Na 


100 



The test data demonstrates that the compounds of the present invention exhibit HMG-CoA reductase 
inhibition activities superior to mevinolin. 



25 



Claims 



1. A compound represented by the formula (I): 



30 



35 




(I) 



wherein R 1 is lower alkyl, aryl, or aralkyl, each of which may have one or more substituents; R 2 and R 
40 each is independently hydrogen, lower alkyl, or aryl. and each of said lower alkyl and aryl may have 
one or more substituents; R* is hydrogen, lower alkyl, or a cation capable of forming a non-toxic 
pharmaceutical^ acceptable salt; X is sulfur, oxygen, or sulfonyl, or imino which may have a 
substituent; the dotted line represents the presence or absence of a double bond, or the corresponding 
ring-closed lactone. 

45 

2. The compound claimed in claim 1 , wherein X is sulfur. 

3. The compound claimed in claim 1 . wherein X is oxygen. 
50 4. The compound claimed in claim 1 , wherein X is suifonyl. 

• 5. The compound claimed in claim 1 , wherein X is imino which may have a substituent. 
6 The compound claimed in claim 5. wherein the substituent is acyl, alkylsulfonylaminp, or alkylsulfonyl. 

55 

7. The compound claimed in claim 1 . wherein said compound takes an optically active forrr^ 

8 A pharmaceutical composition comprising the compound claimed in any one of claims 1 to 7 as an 
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active ingredient. 

9; A pharmaceutical composition according to claim 8: which Is useful as an HMG-C6A reductase inhibitor; 
5 Claims for the\ following Goritractihg State : GB 
1. A compound represented by the formula ( I ):■ 

OH GH 



R 3 m 




>5 



wherein R 1 is lower alky I, aryl, or araJkyl,;each of which may have one or m6re.substituents;*R 2 and R 3 
20 each is independently hydrogen, lower alky!, or aryl, and each of said lower alkyl .andiaryl;-<maV''Kave- 
one or more substituents^ R 4 is hydrogen , lower alky I, or a cation : capable of forming a rion-toxic 
pharmaceutically acceptable salt: X is sulfur, oxygen; or sufforiyl, or ihriiho^ which may have a 
substituent; the dotted line represents the pres^ce^bf absence of a double bond, or the corresponding 
ring-closed lactone. 

25 

2. The compound claimed in claim I, wherein X is sulfur. 

3. The compound claimed in claim 1, wherein X is oxygen. 
30 4. The compound claimed in claim 1, wherein X Is sujfonyl. 

5. The. compound ciaimed in claim 1, wherein X is imino which may have, a sulDStituent. 
6: the compound claimed in claim wherein the; substituent is acyl, aikylsuibnylaminp, or alkylsulfonyl. 
7. The compound claimed in claim % wherein said compound takes an: optically r active form. 



3S 



8. A process for the preparation of a pharmaceutical composition containing as active ingredient a 
compound as defined in any one of claims If to 7 which comprises admixing the compound with a 

40 pharmaceutically acceptable carrier. 

9. A process according to claim 8 wherein the pharmaceutical composition prepared is useful as an HMG- 
C6A inhibitor. 

45 Claims for the following Contracting State : ES 

1.. A process for the preparation of a' compound the iprrnula ( I ): 

50 v oh oa 

55 

wherein R 1 is lower alfeyj; aryl, or aralkyl,;each of w may have one or more substi^nts;/R2 and R 3 
, . P independently hydrogen, lower alkyl, or aryl, and each of said lower aikyi and aryl may have 
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one or more substituehts; R 4 is hydrogen, lower alkyl, or a cation capable of forming a non-toxic 
pharmacautically acceptable salt; X is sulfur, oxygen, or sulfonyl, or imino which may have a 
substituent; the dotted line represents the presence or absence of a double bond, or the corresponding 
ring-closed lactone, 

(1) which comprises subjecting the compound a of the formula: 



r»-x / SAr* JL- 



15 



wherein R\ R 2 , and R 3 each have the same meaning as defined above, and Alkyl means lower alkyl, 
to a reduction in an appropriate inactive solvent in the presence of a reductant to give the alcohol 
compound, 

(2) subjecting the thus obtained alcohol compound to an oxidation in an appropriate solvent in the 
presence of an oxidizing agent to give aldehyde compound b of the formula: 



20 



25 



R l -X 




30 



wherein R\ R 2 , and R 3 each have the same meaning as defined above, 

(3) which is reacted with 3-(tert-butyldimethylsilyloxy)-5-oxo-6-triphenylphosphoranylidene hexanoic 
acid derivatives in an appropriate solvent to give the compound c of the formula: 



35 



R , 0 OSiCObhtBtt 



40 



45 



50 



55 



wherein the dotted line dentotes the presence or absence of the double bond, R\ R 2 . R 3 . and R 4 
each have the same meaning as defined above, 

(4) which is subjected to elimination of the tert-butyldimethylsilyl group in an appropriate organic 
solvent in the presence of a hydrogen halogenide to give the compound d of the formula: 



R a 0 OH 



wherein the dotted line, R\ R 2 , R 3 , and R* each have the same meaning as defined above, 
(5) which Is reacted with diethylmethoxyborane and NaBH* in an alcohol-organic solvent mixture and 
subjected to column chromatography on silica gel to give the compound (I) (in the case where R 4 is 
lower alkyl), or the obtained compound (I) may be subjected to saponification in* a polar solvent with 
a solution of metalic hydroxide (R 4 : cation), or after the saponification, it is neutralized with an 
inorganic acid and extracted with an organic solvent (R 4 : hydrogen). - a> 
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2. The process according to claim 1 wherein in the compound prepared X is: sulfur. 

3i The process according tq. claim. 1 wherein in the compound prepared X is oxygen. 

5 4. The process according to claim 1 wherein in the compound prepared X is sulfonyj. 

5. The process according ' to claim 1 wherein in the compound prepared X is irninp which may have a 
substituent. 

ib 6; The process according; to claim 5 wherein the substituent is acyl, ilkylsulfonylam 

7. The process according to claim 1 wherein the compound prepared takes; an optically active form . 

8. A process for the preparation of a pharmaceutical composition containing, as active ingredient 
is compound es defined in any one of claims 1 to 7 which comprises > admixihg ^the compound with a 

pharmaceutical ly acceptable carrier. 

9. A process according to claim 8 vyherein.the pharmaceutical cc^p^bsitibri prep^ed. is usiefuhas an HMG^ 
Co A inhibitor. 

20 



25 



30 



35 



40 



45 



SO 



55 
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